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Specification 

Determination of a Reception Time of an Ultrasonic Signal By Means of Pulse 
Shape Detection 

5 

The present invention relates to an ultrasonic flow sensor according to the 
preamble to claim 1 and to a method for determining the reception time of an 
ultrasonic signal according to the preamble to claim 7. 

10 Ultrasonic flow sensors are used in particular to measure the volumetric or 

mass flow or the flow velocity of a gaseous or fluid medium flowing through a 
conduit. A known type of ultrasonic flow sensors includes two ultrasonic 
transducers situated offset from each other in the flow direction, each of which 
generates ultrasonic signals and transmits them to the respective other 

1 5 ultrasonic transducer. The ultrasonic signals are received by the respective 
other transducer and evaluated by a set of electronics. The travel time 
difference between the signal traveling in the flow direction and the signal 
traveling counter to the flow direction functions Is a measure for the flow velocity 
of the fluid. This can be used to calculate the desired measurement quantity, 

20 e.g. a volumetric or mass flow. 

Fig. 1 shows a typical arrangement of an ultrasonic flow sensor with two 
ultrasonic transducers A, B, which are situated inside a conduit 3 and are spaced 
apart from each other by a distance L. A fluid 1 flows in the conduit 3 at a 

25 velocity v in the direction of the arrow 2. The measurement distance L is inclined 
at an angle a in relation to the flow direction 2. During a measurement, the 
ultrasonic transducers A, B send each other ultrasonic signals that are either 
slowed or accelerated, depending on the direction of the flow. The travel times 
of the ultrasonic signals thereby function as a measure for the flow velocity that 

30 is to be determined. 
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Fig. 2 shows a very simplified schematic depiction of a transducer 
arrangement connected to control and evaluation electronics 4. The flow sensor 
can, for example, function in accordance with the so-called "sing around" 
method. In this method, the reception of an ultrasonic signal AO, BO at one of 
5 the transducers A, B immediately triggers the emission of an ultrasonic signal in 
the opposite direction. 

In order to measure the travel time of an ultrasonic signal AO, BO, it is 
essential to unambiguously and precisely determine the reception time of the 
10 ultrasonic signal AO, BO. One method for determining the reception time known 
from the prior art will be explained below in conjunction with Fig. 3. 

Fig. 3 shows the signal curve of an individual ultrasonic signal AO, BO. In 
this instance, the "reception time" of the signal AO, BO is defined as the first zero 
1 5 crossing No of the signal after the signal amplitude Amp has exceeded a 
predetermined threshold SW (the so-called pretrigger level). In the example 
shown, the time to would thus be the reception time of the signal. (The reception 
time of the signal could alternatively also be determined in a different manner, 
e.g. through evaluation of the phase of the signal.) 

20 

Contamination, drifting, or aging of the ultrasonic transducers, or 
turbulences in the flowing fluid can cause sharp fluctuations in the amplitude of 
the ultrasonic signals AO, BO. As long as the signal amplitude does not change 
too drastically, the zero crossing detection remains virtually unaffected since the 

25 same zero crossing (with regard to the overall signal) is always detected as the 
reception time and the frequency of the signal remains essentially the same. As 
soon as the amplitude of the half-wave occurring before the time to exceeds the 
threshold SW, then erroneous measurements of the reception time can occur 
since the ultrasonic signal then exceeds the threshold SW at a later time and 

30 consequently, an incorrect zero crossing is detected as the reception time. 
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Fig. 4 shows the signal curve of the ultrasonic signal AO. BO or transducer 
output signal 5 with a reduced amplitude Amp. This signal exceeds the fixed 
threshold SW at a later time. The receiver unit 4 in this case determines the 
zero crossing Ni and therefore an incorrect zero crossing N as the reception time 
5 to of the ultrasonic signal AO, BO. The travel time measurement of the ultrasonic 
signal AO, BO is thus shifted by Integral multiples of ±1/f or ±1/(2f) (f = ultrasonic 
frequency), which significantly impairs the measurement precision. A powerful 
increase in the amplitude Amp of the ultrasonic signal AO, BO or of the 
corresponding transducer output signal 5 can also shift the detected reception 
10 time to toward earlier zero crossings N (not shown). 

The object of the present invention, therefore, is to improve the 
measurement precision of an ultrasonic flow sensor in the event of sharply 
fluctuating signal amplitudes of the ultrasonic signal. 

15 

This object is attained according to the present invention by the defining 
characteristics disclosed in claim 1 and claim 7. Other embodiments of the 
present invention are the subject of the dependent claims. 

20 An essential aspect of the present invention lies in determining the time of 

a characteristic value for the form of the ultrasonic signal (e.g. the time of the 
maximum amplitude, time of the signal focal point, or time of the envelope curve 
focal point) as a reference point, determining a reception time (e.g. a zero 
crossing), and determining the relative time shift of the reference time in relation 

25 to the reception time. The time shift between the reference time and the 

reception event remains unchanged as long as the threshold lies between the 
same two amplitudes of the ultrasonic signal. If the amplitude of the ultrasonic 
signal or of the associated transducer output signal changes drastically enough 
that the threshold now lies between two different amplitudes of the signal, then 

30 the time difference between the characteristic value and the detected reception 
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event changes abruptly. The receiver unit of the ultrasonic flow sensor can 
detect this and correspondingly con^ect the reception time. 

The characterizing value is preferably a value that is independent of the 
5 signal amplitude, e.g. the time of the maximum amplitude, time of the signal focal 
point, or time of the envelope curve focal point. 

According to a preferred embodiment form of the present invention, the 
time of the envelope curve focal point determines the reference point. The time 
10 of the envelope curve focal point can be calculated, for example, in a processor 
unit according to the following equation: 

15 where k is a running index that describes the number of positive half-waves of 
the ultrasonic signal after the threshold is exceeded. A(k) is the amplitude of the 
k**^ half-wave after the threshold (trigger time) is exceeded. 

According to another embodiment form of the present invention, the 
20 receiver unit includes a device for determining the maximum amplitude of the 
ultrasonic signal. In this instance, the characteristic value is the maximum 
amplitude of the ultrasonic signal. In principle, the selection of the maximum 
amplitude of the ultrasonic signal as the reference time produces the same result 
as the selection of the envelope curve focal point, on condition that the position 
25 of the maximum amplitude does not change in relation to the other amplitudes. 
But if the position of the maximum amplitude does change in relation to the other 
amplitudes, then erroneous measurements can occur because the time interval 
between the detected reception time to and the reference time changes by n*2pi. 
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The receiver unit preferably includes a comparator, whose input is 
supplied with the transducer output signal generated by the ultrasonic transducer 
and is also supplied with a reference signal (e.g. a threshold voltage); based on 
the output signal of the comparator, the receiver unit determines a piece of 
5 information about the reference time (e.g. the time of the maximum amplitude or 
envelope curve focal point). 

The reception event is preferably a zero crossing, but can also be another 
predetermined criterion. 

10 

The receiver unit is preferably able to correct the reception time as a 
function of its chronological position in relation to the reference time. 



The present invention will be explained in detail below by way of example 
15 in conjunction with the accompanying drawings. 



Fig. 1 shows an ultrasonic flow sensor that is known from the prior art and is 
equipped with two ultrasonic transducers; 



20 Fig. 2 shows an ultrasonic flow sensor with an associated control and 
reception circuit; 



Fig. 3 shows the signal curve of an individual ultrasonic signal with a high 
amplitude; 

25 

Fig. 4 shows the signal curve of an individual ultrasonic signal with a low 
amplitude; 



Fig. 5 

30 



shows a circuit for zero crossing detection known from the prior art; 
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Fig. 6 shows a typical curve of the signal focal point as a function of the 
threshold voltage/signal amplitude ratio; and 

Fig. 7 shows the curve of an envelope curve focal point of the ultrasonic 
5 signal as a function of the threshold voltage/signal amplitude ratio. 

For explanations with regard to Figs. 1 through 4, the reader is hereby 
referred to the introduction to the specification. 

10 As mentioned above, Fig. 3 shows the determination of the reception time 

to of an ultrasonic signal AO, BO through zero crossing detection. In this 
Instance, the detected reception time to is the first zero crossing No of the signal 
AO, BO after the signal AO, BO has exceeded a predetermined threshold SW. 
(Alternatively, a different event, e.g. the exceeding of a threshold, could also be 

15 defined as a reception event.) 

The receiver unit 4 (Fig. 2) also determines the time to of the maximum 
signal amplitude Ampmax and the time difference At between the reception time to 
and the time ti. (Alternatively, the time of a different characteristic value, e.g. the 
20 time of the envelope curve 6 focal point, can also be determined as the 
reference time ti.) 

With a sharp change in the signal amplitude Amp of the ultrasonic signal 
(see Fig. 4), the incorrect zero crossing (Ni here) is detected as the reception 
25 time to. The time difference At thus changes abruptly by integral multiples of ±1/f 
or ±1/(2f), where f is the ultrasonic frequency. The receiver unit 4 detects this 
and correspondingly corrects the reception time to. 

Fig. 5 shows a known logic circuit, which is designed for zero crossing 
30 detection and is capable of determining the reception time to. The circuit 
includes a first comparator 10, whose input (-) is supplied with the ultrasonic 
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signal US or the corresponding transducer output signal 5 and whose other input 
(+) is supplied with a threshold voltage Usw as a reference. The output of the 
comparator 10 switches to the "high" state whenever the amplitude of the 
ultrasonic signal AO, BO exceeds the reference voltage Usw. The time of the 
5 maximum amplitude Ampmax can be determined from the duration of the high 
phases. 

The second comparator 1 1 in Fig. 5 is used for zero crossing detection. 
To achieve this, the second comparator 1 1 is supplied with the ultrasonic signal 
10 US at its positive input (+) and is supplied with a corresponding reference voltage 
(OV here) at its negative input (-). The output signal Ki, K2 of the comparators 
10, 11 is shown in Fig. 6. 

Fig. 6 shows the pulse width modulated output signal Ki of the first 
15 comparator 10. The individual high phases of the signal Ki can, for example, be 
stored and evaluated in various counters. The longest high phase indicates the 
maximum amplitude Ampmax of the ultrasonic signal AO, BO. 

The comparator output signal could be processed in analog or digital 
20 fashion or can be arithmetically evaluated. It would thus be possible, for 
example, to carry out a cross correlation among various output signals Ki. 

According to a preferred embodiment form of the present invention, the 
envelope curve 6 focal point Ts of the ultrasonic signal AO, BO is used as a 
25 characteristic value that is set in relation to the detected reception time to. The 
chronological focal point Ts of the envelope curve 6 can, for example, be 
determined from the following equation: 

30 
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where k is a running index that describes the number of positive half-waves of 
the ultrasonic signal after the threshold SW is exceeded. A(k) is the amplitude of 
the k^^ half-wave after the threshold (trigger time) is exceeded. 

Fig. 7 shows the curve of the signal focal point Ts as a function of the ratio 
of the threshold voltage USW to the signal amplitude Amp. Whenever the 
amplitude Amp of the ultrasonic signal AO, BO changes so intensely that the 
threshold USW is exceeded one signal period earlier or later, then a jump occurs 
in the signal Ts. 

Since a higher amplitude A(k) also results in a greater high time of the first 
comparator 10, then in a coarse, but sufficiently good approximation, A(k) can be 
replaced by the high time of the signal Ki. The first sum of the above-mentioned 
equation can be carried out without any arithmetic functions, e.g. by means of a 
counter whose clock input is enabled by the high level of the pulse width 
modulated comparator output signal Ki. The multiplication with the running 
index k can be carried out without arithmetic by correspondingly increasing or 
decreasing the clock frequency of the counter with each half-wave. 



9 

Reference Numeral List 





1 


fluid 




2 


flow direction 


5 


3 


conduit 




4 


control and evaluation unit 




5 


transducer output signal 




6 


envelope curve 




10 


first comparator 


10 


11 


second comparator 




12 


monoflop 




13 


processing unit 




14 


AND gate 




Ki 


comparator output signal 


15 


K2 


comparator output signal 




SW 


threshold 




A, B 


ultrasonic transducer 




AO, BO 


ultrasonic signals 




Ampmax 


maximum amplitude 


20 


to 


reception time 




At 


time shift 




USW 


threshold voltage 




US 


ultrasonic signal input 




Ts 


envelope curve focal point 



